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DithiocarbamatesAbstract The title compound chlorobis(N,N-dimethyldithiocarbamato-S,S0)antimony(III) has
been prepared in distilled acetonitrile and characterized by physicochemical [melting point and
molecular weight determination, elemental analysis (C, H, N, S & Sb)], spectral [FT–IR, far IR,
NMR (1H & 13C)] studies. The crystal and molecular structure was further conﬁrmed using single
crystal X-ray diffraction analysis which features a ﬁve-coordinate geometry for antimony(III)
within a ClS4 donor set. The distortion in the co-planarity of ClSbS3 evidences the stereochemical
inﬂuence exerts by the lone pair of electrons on antimony(III). Two centrosymmetrically related
molecule held together via C–HÆÆÆCl secondary interaction result in molecular aggregation of the
compound.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Dithiocarbamates are a class of sulfur-based metal-chelating
compounds with various applications. Their performance in li-
quid–liquid extraction and other analytical procedures [39]
make them attractive for the determination of metals using
gas chromatography [32]. Some dialkyl-substituted dithiocar-
bamate salts have also shown interesting biological effectswhich include anti-alkylation [15,44] or anti-HIV properties
[37,13]. They can act as monodentate, bidentate chelating or
bidentate bridging ligands. These binding properties determine
the structural organization of the resulting metal complexes
[27,33]. Although the sulfur atoms of dithiocarbamate ligand
possess o-donor and n-back-donation characteristics of the
same order of magnitude, these ligands have a special feature
in that there is an additional n-electron ﬂow from nitrogen
to sulfur via a planar delocalized p-orbital system, as shown
below:
Figure 1 ORTEP diagram of compound 2, showing 50%
probability ellipsoids and the atom numbering scheme.
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high electron density on the metal leading to its next higher
oxidation state [26].
Metal dithiocarbamates, including those of Group XV,
continue to garner attraction owing to their diverse range of
applications in agriculture, industry, medicines and as syn-
thetic precursors of nanotechnology [14,16]. The compounds
of antimony metal containing Sb–S bonds have been widely
used in industrial processes [43]. On the other hand structural
characterization of antimony monohalide containing
dithiocarbamate ligands is less widely explored [40,41,22,23,
38,28,1,20]. Monohalide derivatives of antimony(III) dithio-
carbamato complexes have been used as a synthetic precursor
to synthesize a number of mixed ligand complexes [40,41,24,
30,17,19,18,9,34,35,21,11]. In continuation of our interest on
the sulfur containing ligand derivatives of antimony(III)
[8,4,10] of similar nature, we isolated herein the title compound
structurally characterized by single crystal X-ray studies.
2. Experimental
2.1. Materials
All the experimental manipulations have been carried out un-
der moisture free condition. Antimony trichloride (E. Merck)
was distilled before use. Solvents (benzene, dichloromethane,
chloroform, acetonitrile etc.) were puriﬁed by standard meth-
ods [31]. Sodium dimethyldithiocarbamate (Aldrich) was used
as received without further puriﬁcation.
2.2. Analytical methods
2.2.1. Physical measurements
Antimony was estimated iodometrically and sulfur was esti-
mated gravimetrically as barium sulfate [42]. Melting points
were determined on a B10 Tech India melting point apparatus
and are uncorrected. Molecular weights were determined cryo-
scopically in benzene. 1H (at 400 MHz) and 13C (atScheme 1 Synthesis of chlorobis(N,N-dime125.8 MHz) NMR spectra were obtained on a Brucker FT
NMR spectrometer in CDCl3 solution using TMS as an inter-
nal standard. Infrared spectra (KBr) were recorded at BX ser-
ies in the range of 4000–400 cm1 and far–IR spectra were
recorded as a Nujol mull over CsI disks using a Megna–IR
Spectrophotometer–550 instrument in the range of 600–
50 cm1. The title compound was synthesized with some mod-
iﬁcation (solvent acetonitrile instead of benzene) in the method
reported earlier [5,6].
2.3. Preparation of chlorobis(N,N-dimethyldithiocarbamato-
S,S0)antimony(III)(2)
2.3.1. Synthesis of tris(N,N-dimethyldithiocarbamato-
S,S0)antimony(III)(1)
The compound 1 was prepared in distilled acetonitrile by the
reaction of SbCl3 (Merck) with sodium dimethyldithiocarba-
mate in 1:3 M ratios (Scheme 1a). Acetonitrile solution of anti-
mony trichloride (2.69 g, 11.78 mmol) was added drop wise to
the acetonitrile solution of sodium dimethyldithiocarbamatethyldithiocarbamato-S,S0)antimony(III).
Table 3 Crystal data and reﬁnement details.
Empirical formula C6H12ClN2S4Sb
Formula weight 397.62
Temperature/K 150(2)
Wavelength 0.71073
Crystal system, space group Monoclinic, P21/c
Unit cell dimensions
a (A˚) 14.3875(3)
b (A˚) 10.5111(2)
c (A˚) 9.0703(2)
a () 90.00
b () 97.240(2)
c () 90.00
Volume (A˚3) 1360.75(5)
Z 4
Calculated density (Mg/m3) 1.941
Absorption coeﬃcient (mm1) 2.805
F(00s0) 776.0
Crystal size (mm3) 0.22 · 0.18 · 0.14
2H range for data collection 5.96 to 50
Index ranges –17 6 h 6 10,
–12 6 k 6 12,
–10 6 l 6 10
Reﬂections collected/unique 10467/2398 [R(int) = 0.0165]
Reﬁnement method Full-matrix least-squares on F2
Data/restraints/parameters 2398/0/132
Goodness-of-ﬁt on F2 1.072
Final R indexes [I> = 2r (I)] R1 = 0.0182, wR2 = 0.0433
Final R indexes [all data] R1 = 0.0220, wR2 = 0.0457
Largest diﬀ. peak/hole (e A˚3) 0.28/0.22
Figure 2 Two centrosymmetrically related molecules show C–
HÆÆÆCl secondary interactions and unit cell arrangement of the
dimer.
Table 1 Selected bond lengths (A˚) and bond angles () for
Sb(S2CNMe2)Cl.
Sb(1)–S(4) 2.4691(7) S(4)–C(4) 1.752(2)
Sb(1)–S(1) 2.5545(7) N(1)–C(4) 1.314(3)
Sb(1)–Cl(1) 2.6140(8) N(1)–C(5) 1.463(3)
Sb(1)–S(2) 2.6473(7) N(1)–C(6) 1.465(4)
Sb(1)–S(3) 2.9272(7) N(2)–C(1) 1.316(3)
S(1)–C(1) 1.732(3) N(2)–C(2) 1.462(4)
S(2)–C(1) 1.717(3) N(2)–C(3) 1.469(4)
S(3)–C(4) 1.702(3)
S(4)–Sb(1)–S(1) 88.40(2) C(4)–S(3)–Sb(1) 80.58(8)
S(4)–Sb(1)–Cl(1) 85.26(3) C(4)–S(4)–Sb(1) 94.43(9)
S(1)–Sb(1)–Cl(1) 81.81(2) C(4)–N(1)–C(5) 121.7(2)
S(4)–Sb(1)–S(2) 90.33(3) C(4)–N(1)–C(6) 122.7(2)
S(1)–Sb(1)–S(2) 68.62(2) C(5)–N(1)–C(6) 115.6(2)
Cl(1)–Sb(1)–S(2) 150.23(3) C(1)–N(2)–C(2) 122.2(2)
S(4)–Sb(1)–S(3) 66.15(2) C(1)–N(2)–C(3) 122.2(3)
S(1)–Sb(1)–S(3) 139.58(2) C(2)–N(2)–C(3) 115.6(2)
Cl(1)–Sb(1)–S(3) 123.88(2) N(2)–C(1)–S(2) 122.2(2)
S(2)–Sb(1)–S(3) 80.15(2) N(2)–C(1)–S(1) 121.3(2)
C(1)–S(1)–Sb(1) 88.68(9) S(2)–C(1)–S(1) 116.55(15)
C(1)–S(2)–Sb(1) 86.00(9) S(3)–C(4)–S(4) 118.58(14)
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during the addition. The reaction mixture was reﬂuxed for
5 h and precipitated sodium chloride was ﬁltered off and ﬁl-
trate was reduced (20 ml) under vacuum followed by kipping
in refrigerator to get yellow crystalline solid [7].Table 2 Data for C–HÆÆÆCl secondary interactions of compound 2 (
D H A D. . .A
C3 H3b ClI 3.503(3)
C3I H3bI Cl 3.503(3)The Analytical data of the compound 1 are as follows:
Yellow solid, yield 86%, m.p. 210 C, IR(KBr) vcm1:
2985(–CH), 1489 (–CN), 1044(–CS), 304(–SbS); 1H NMR
(CDCl3) d: 3.04 (s, 18H, –CH3);
13C NMR (CDCl3) d: 45.2
(–CH3), 198.7 (–NCS2); analysis for C9H18N3S6Sb: C 22.36
(22.41), H 3.69 (3.76), N 8.63 (8.71), S 39.83 (39.88), Sb
25.21 (25.24).
2.3.2. Synthesis of chlorobis(N,N-dimethyldithiocarbamato-
S,S0)antimony(III)(2)
Title compound 2 was synthesized by the reaction of com-
pound 1 with SbCl3 in 2:1 M ratios (Scheme 1b). SbCl3
(1.22 g, 5.34 mmol) was dissolved in acetonitrile and added
drop wise to the acetonitrile solution of tris(N,N-dimethyldi-
thiocarbamato-S,S0)antimony(III) (5.18 g, 10.73 mmol) 1 fol-
lowed by reﬂuxing for 4 h. The solvent was reduced under
vacuum to obtain the product. The yellow colored single crys-
tals were obtained from recrystallized product with minimum
amount of benzene/dichloromethane solution.
The Analytical data of the compound 2 are as follows:
Yellow crystalline solid, yield 98%, m.p. 217 C, IR(KBr)
vcm1: 2987(–CH), 1489 (–CN), 1046(–CS), 305(–SbS); 1HD–donor; A–acceptor, Cl–Chlorine).
H. . .A D–H. . .A Symmetry operation
2.836(1) 126.04 1x, 1y, 1z
2.836(1) 126.04 1x, 1y, 1z
420 H.P.S. Chauhan, J. CarpenterNMR (CDCl3) d: 3.04 (s, 12H, –CH3);
13C NMR (CDCl3) d:
45.2 (–CH3), 198.6 (–NCS2); analysis for C6H12ClN2S4Sb: C
18.09 (18.12), H 3.02 (3.04), N 6.96 (7.04), S 32.21 (32.25),
Sb 30.55 (30.62).Figure 3 Packing diagram of the molecule (a) viewed along ‘a’ axis,
indicate, C–HÆÆÆCl intermolecular interactions.3. Single crystal X-ray analysis
Yellow colored single crystals were obtained from recrystallized
compoundwith minimum amount of benzene/dichloromethane(b) viewed along ‘b’ axis and (c) viewed along ‘c’ axis. Dash lines
Synthesis, characterization and single crystal x-ray analysis 421solution. Intensity data for a yellow single crystal of compound 2
were measured at 150(2) K on a Dual Source Super Nova CCD
System from Agilent Technologies (Oxford Diffraction) with
Mo Ka radiation. Intensity data were collected using a single
crystal with dimensions 0.22 · 0.18 · 0.14 mmup to amaximum
of 50 in the 2h scanmode. The datawere reduced usingCrysAlis
RED [25]. Structure was solved by the heavy atom method [2]
and reﬁned by the full-matrix least-squares methods on F2 with
the SHELXL-97 program [36]. All non-hydrogen atoms were
reﬁned anisotropically, while hydrogen atoms were located
from difference maps but in the ﬁnal reﬁnement were included
with ﬁxed C–H bond distances of 0.98 A˚ and a weighting
scheme of the form w= 1/[r2(F
2
0) + (0.2000 P)
2 + 0.0000 P]
where P= (F20 + 2F
2
0)/3 [36]. A total of 10,467 reﬂections were
collected, out of whichwere 2398 [R(int) = 0.0165] independent
reﬂections. Molecular diagrams were generated using
ORTEP-III [3] and DIAMOND [12] Crystal data and reﬁne-
ment details are given in Table 3.
4. Results and discussion
Fig. 1 shows the ORTEP diagram with atom numbering
scheme of the molecule with thermal ellipsoids drawn at
50% probability. Fig. 2 shows C–HÆÆÆCl secondary interactions
with symmetry code and unit cell arrangement of the dimeric
compound. Selected geometry parameters and respective
hydrogen bond interactions for compound 2 are collected in
Tables 1 and 2 respectively. The details of crystal data and
reﬁnements are given in Table 3.
The central antimony is ﬁve-coordinated with four sulfur
atoms of dithiocarbamate ligands and a chlorine atom.
S1–S3 atoms of the dithiocarbamate ligands and Cl atom lie
in a plane; while atom S4 associated to dithiocarbamate ligand
ﬁlls the apical position due to perpendicular arrangement of
the ligand to the basal plane. The resulting ClSbS3 coordina-
tion polyhedron approximates a distorted tetragonal pyramid
with atoms Sb1, S1–S3 and Cl1 at the base of the pyramid
and S4 in the apical position. The equatorial Sb1–S1
[2.555(7) A˚], Sb1–S2 [2.647(7) A˚] and Sb1–Cl1 [2.314(8) A˚]
bonds are short and one axial Sb1–S3 [2.927(7) A˚] is long,
while the apical donor atom forms the strongest bond [Sb1–
S4 = 2.469(7) A˚]. Clearly evident from Fig. 1 is that the S3
atom of the ligand is displaced somewhat toward apical S4
atom [out of plane bond angle S4–Sb–S3 = 66.15 while in
the plane bond angle S4–Sb–S1 = 88.40] from the distorted
square pyramidal plane [S1–S2–S3–Cl], it is due to the small
bite angle of the dithiocarbamate ligands [16]. This geometric
constraint and the stereochemically active lone pair of elec-
trons determine the peculiar geometry (distorted square pyra-
midal) of the complex.
It is interesting to note that, centrosymmetrically related
molecules connected via a pair of C–HÆÆÆCl secondary interac-
tion of 2.836(1) A˚ (see Table 3) lead to supramolecular associ-
ations of molecules in the crystal structure (Fig. 3a–c). This
interaction was also observed in the earlier reported complexes
[23]. The asymmetry in the mode of coordination is reﬂected in
the associated C–S bond distances, thus longer S4–C4
distances [1.752(2) A˚] involve the more tightly held sulfur
atom. The S–C–S bond angles have also been altered
[S2–C1–S1 = 116.55(15) A˚ and S3–C4–S4 = 118.58(14) A˚]
due to asymmetry in the mode of coordination and distortionin regular square pyramidal geometry. The shortening of N–C
bond distances in this complex [N1–C4 = 1.314(3) A˚ and
N2–C1 = 1.316(3) A˚] is manifestation of the presence of
partial double bonds (thiouride bond) [40,41,29] in the dithio-
carbamate moieties. IR spectra of the above complex show
m(C–N) values at 1489 cm1, which lie between the single
and double bond values, indicating contribution of the
thiouride (N¤C¤S) form to the dithiocarbamate [40,41].
5. Conclusions
The synthesis of chlorobis(N,N-dimethyldithiocarbamato-
S,S0)antimony(III) is descried. Single crystal X-ray analysis
was carried out to conﬁrm the molecular structure of the com-
pound. The crystal structure of the compound reveals that the
dimethylthiocarbamate ligands coordinate to antimony(III) in
anisobidentate (unsymmetrically) mode, which results in a ﬁve-
coordinate distorted square pyramidal geometry of the mole-
cule. Additionally, C–HÆÆÆCl intermolecular interactions have
also been observed between two symmetry related molecules.
6. Supplementary data
Crystallographic data for the title compound 2 reported in this
paper have been deposited with the Cambridge data centre.
The deposition number is CCDC 795601. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.Acknowledgements
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